Objectives: Osteoarthritis (OA) of the knee is one of the most common chronic diseases among older adults. This study aimed to test the effects of cabbage leaf wraps (CLWs) in the treatment of symptomatic OA.
O steoarthritis (OA) of the knee is among the most common chronic diseases affecting the elderly, largely influencing their daily life activities. 1 About one fourth of people over 55 years of age reported a significant knee pain episode in the last year. 2 OA of the knee is characterized by articular cartilage destruction in addition to underlying bony changes at the joint margins. 3 Main symptoms include pain and functional impairment, severely affecting patients' quality of life. 4 Conservative symptomatic treatment mainly consists of physiotherapy and pharmacological therapy. 5, 6 Self-care guides often recommend the use of wraps and compresses [7] [8] [9] ; however, high-quality trials are urgently needed before any conclusions can be drawn on such treatments. 5 One such treatment that has been used for centuries is the cabbage leaf wrap (CLW). 10 Cabbage leaves, preferably from white or savoy cabbage, are applied to the painful knee joint for several hours for pain relief. The healthpromoting qualities of cabbage have been known for centuries, 10 and they are being used for a variety of symptoms, such as breast engorgement. 11, 12 However, no studies have yet investigated the clinical potential of CLWs in patients with symptomatic knee OA.
This study aimed to investigate the effects of CLWs compared with usual care (UC) and a topical pain gel (TPG) to improve symptoms and the quality of life in patients with knee OA.
METHODS Ethical Approval and Trial Registration
The trial was conducted between September 2013 and July 2014 in the Department of Complementary and Integrative Medicine in Essen, Germany. The study was approved by the ethics committee of the University Hospital Essen (approval number: 13-5581-BO) and was registered at ClinicalTrials.gov (registry number: NCT02027792) before patient recruitment.
Design
This was a randomized controlled 3-armed parallelgroup trial. The intervention group was taught to apply CLWs themselves, whereas the control groups received either UC or a TPG (see the Interventions section). Written instructions were given to patients to explain the applications in detail. Each group received the allocated intervention for 4 weeks. measurements were taken at weeks 0, 4, and 12. At the trial's end each patient received a financial reimbursement of 20 Euros.
Patients
Patients were recruited through local newspaper advertisements, with a medical student screening interested people by phone to assess their eligibility. Patients who met the inclusion criteria were invited for assessment, where they were provided with detailed written information about the study and their written informed consent was obtained. The study physician checked the patients' medical histories, examined their physical health, and checked their medical records, such as laboratory findings, x-rays, or magnetic resonance imaging results. If patients met the inclusion criteria, and did not meet any exclusion criteria, they were included in the trial.
Trial participants were required to be at least 18 years of age and to have symptomatic knee OA at stages 2 or 3 according to the Kellgren-Lawrence classification 13 confirmed by medical records. They also had to report at least moderate pain of 45 mm or higher on a 0 to 100 mm visual analog scale (VAS), 14 with 100 mm described as "worst knee pain imaginable."
The trial exclusion criteria included pain due to secondary arthritis (eg, after an injury, inflammatory rheumatic diseases), prior injections with cortisone (within the past 4 wk) or hyaluronic acid (within the past 6 mo), prior operations to the knee (within the past 12 mo), or any severe comorbidity, such as liver or kidney diseases, asthma, or psychiatric disorders. Finally, pregnant or lactating women, patients who had recently started using corticosteroids or immunosuppressive drugs or other wraps and poultices for the knee were excluded.
Randomization and Allocation Procedure
Patients were allocated to 1 of 3 groups in sequential order adopting a computer-generated (Random Allocation Software, version 1.0.0) nonstratified block randomization with varying block sizes. The trial coordinator who was not involved in patients' outcome assessments prepared sealed opaque envelopes. Envelopes were labeled according to the study participant's ID number, and the envelope was opened in ascending order by the study physician to determine the intervention. Neither the patients nor the study physician was blinded to the intervention.
Interventions
After the baseline measurement and randomization, patients received instructions and material for the respective intervention. All groups were allowed their UC interventions except for those listed in the exclusion criteria, but they had to record all concomitant therapies and medications in the daily log.
CLWs
Patients were instructed to apply CLWs once daily for 4 weeks. For the CLWs, patients were advised to take 1 to 2 raw cabbage leaves, place it on a cutting board, cut out the hard stem, and bruise the leaves using a bottle or rolling pin. The leaves had to then be layered around the knee joint, fixed with a bandage, and applied for at least 2 hours per day. It was suggested that the wraps be left on overnight. After removing the cabbage, patients had to clean the knee with warm water. In rare cases of allergic reactionsthat is, swelling and itching sensation after applicationpatients were advised to refrain from application.
TPG
This group was provided with a 4-week supply of a TPG Voltaren (by Novartis), with its pharmacologic active agent diclofenac (10 mg/g), and advised to rub in 1 to 4 g of the gel up to 4 times daily for 4 weeks. After the study was completed, patients in this group were offered instructions on application of CLWs.
UC Group
Patients in this group were advised to continue their usual activities and therapies including pain medication, but not to initiate any new therapeutic regimen for symptom management. After the study was completed, this group was offered the CLWs or the TPG as incentives.
Assessment

Patients' Expectation
At the assessment visit all patients rated their expectations on whether the CLW or the TPG was successful in improving their knee pain on a 100 mm VAS, with 0 mm described as "do not agree at all" and 100 mm described as "agree completely."
Compliance
Compliance was determined using the daily log. Patients were considered compliant when they followed the instructions and carried out the active interventions on 80% of the days. Compliance was used for subsequent subgroup analyses.
Questionnaires
Current pain intensity was measured using a 0 to 100 mm VAS from the German Pain Questionnaire, 15 with 0 mm indicating "no knee pain at all" and 100 mm indicating "worst knee pain imaginable."
Functional disability was assessed using the Western Ontario and McMaster Universities Arthritis Index (WOMAC). 16, 17 The WOMAC is a widely used standardized 24-item instrument to determine the impact of OA on daily life on 3 subscales: pain, stiffness, and physical functioning, as well as on a global score. Each item is rated on an 11-point numerical rating scale, and the final scores range between 0, indicating "no complaints or difficulties," and 10 indicating "extreme complaints or difficulties."
Health-related quality of life was assessed using the Short Form 36 Health Survey Questionnaire (SF-36). 18 This widely used comprehensive 36-item questionnaire yields an 8-scale health profile and 2 component summaries of physical and mental health-related quality of life.
Arthritis-specific self-efficacy was measured using the German version of the Arthritis Self-Efficacy short-form Scale [arthritis self-efficacy scale (ASES-D)], an 8-item short form of the arthritis self-efficacy scale. 19, 20 The instrument comprises 8 items that are rated on a 10-point numerical rating scale, with 1 indicating "not confident at all" and 10 indicating "absolutely confident," being able to control Functional disability (WOMAC) Pain 3.9 ± 1.8 2.6 ± 1.9 2.9 ± 2.2 3.1 ± 1.6 3.3 ± 1.8 3.3 ± 1.9 Stiffness 4.9 ± 2.3 3.9 ± 2.7 3.9 ± 2.5 3.9 ± 1.8 4.2 ± 2.1 4.3 ± 2.1 Physical function 3.8 ± 1.9 2.9 ± 1.9 3.0 ± 2.1 3.6 ± 1.5 3.9 ± 1.8 3.8 ± 1.9 Global disability 3.9 ± 1.8 2.9 ± 1.9 3.1 ± 2.1 3.5 ± 1.5 3.8 ± 1.8 3.8 ± 1.9 Self-efficacy Self-efficacy (ASES) 6.4 ± 1.6 6.9 ± 1.9 5.9 ± 1.6 5.8 ± 1.9 5.6 ± 2.1 5.4 ± 1. symptoms and functional disability. The ASES-D results in 1 total score constituting the average of all items. 19, 20 To measure physical function the 30-Second Chair Stand test was applied. Patients sat in the middle of a chair and crossed their hands on their chest. On the signal they rose to a full standing position and sat down again; they repeated this as often as possible within 30 seconds. The number of full stand-ups and pain intensity after the exercise were recorded. 21 
Pressure Pain Sensitivity
Patients' pressure pain thresholds (PPT) were measured using a digital algometer (Somedic AB, Ho¨rby, Sweden) with a 1 cm 2 probe. Pressure was applied in increments of 40 kPa/s until patients indicated a perception of pain in addition to pressure. They were measured bilaterally at 3 predefined sites: over the quadriceps muscle above the patella; on the pes anserinus and the lateral joint line of the knee; and unilateral at the most painful area on the painful knee. The average of 3 measurements for each of these 7 locations was analyzed. 22, 23 Daily Log
All patients used a log to record the intensity of their knee pain (VAS), whether they carried out the prescribed interventions, and whether they took analgesics or received other OA treatments. Analgesic consumption and concomitant treatments were analyzed by frequency, and for analgesics the defined daily doses were also calculated. 24 
Satisfaction With Interventions
At the end of each phase, patients were asked to judge how beneficial the respective treatment was, whether they would utilize this intervention in the future, and whether they would recommend it to family and friends.
Safety
All adverse events were recorded. Patients experiencing such events were asked to see the study physician to assess their import and initiate any necessary response.
Primary and Secondary Outcome Measures
The primary outcome measure was pain intensity after 4 weeks as measured by the VAS. Secondary outcome measures included the following: pain (VAS), functional disability (WOMAC), quality of life (SF-36), and self-efficacy (ASES-D) after 4 and 12 weeks; physical function (30 s Chair Stand test) and pressure pain sensitivity (PPT) after 4 weeks; and pain intensity (VAS) and medication from the daily log, as well as compliance, satisfaction, and safety.
Sample Size Calculation
For the primary outcome an average pain intensity on VAS of 59.3 ± 16.2 mm at baseline was expected, based on published data. 25 The estimated minimal clinical important difference was 19.9 mm VAS. Given an effect size of d = 1.045, and a 2-sided 5% level t test, 63 patients would be needed to detect this group difference with a statistical power of 90%. We planned to include 81 patients in this trial, recognizing a potential loss of analytical power due to patient withdrawal.
Statistical Analysis
All analyses were based on the intention-to-treat population; that is, each patient providing baseline data was included in the final analysis. Missing data were substituted with baseline data (baseline values carried forward). The analysis of the PPT and the Chair Stand test was based on the per-protocol population only.
Baseline data comparability was ensured using the Student t test for continuous data and the w 2 test for categorical data.
The primary outcome was analyzed using a univariate analysis of covariance (ANCOVA), which modeled the posttreatment outcome as a function of treatment group (classified factor), and the respective baseline value (linear covariate). A stepwise gatekeeper analysis 26 was conducted to preserve the overall false-positive rate, starting with the comparison of CLW with UC, followed by CLW versus TPG. Within this model the treatment effect was estimated, accompanied with a 95% confidence interval (CI). The P-value was based on a 2-sided t test for superiority within this statistical model. For secondary outcomes the same statistical models were used, but all secondary outcomes were analyzed exploratively only. No a-level adjustments were necessary to maintain the overall type I error rate of 5%. 27, 28 Results from the daily log were reported explorative, and no statistical analysis was conducted.
All analyses were performed using the Statistical Package for Social Sciences software (IBM SPSS Statistics for Windows, release 22.0; IBM Corp., Armonk, NY).
RESULTS
Patients
From 207 patients initially screened by telephone, 115 patients were seen by the study physician, of whom 81 were enrolled. The most common reasons for excluding patients were not meeting the inclusion criteria, scheduling issues, or loss of interest in the study. Of the 81 patients enrolled, all were randomized and allocated to their intervention. During the 4-week intervention, 8 patients were lost to followup-3 in CLW, 1 in TPG, and 4 in UC. Reasons for dropout included loss of interest and incidence of adverse events. During the follow-up period another 2 patients were lost from the UC group because of scheduling issues and loss of interest. As all patients provided baseline data, 27 Functional disability (WOMAC) Pain 3.9 ± 1.8 2.6 ± 1.9 2.9 ± 2.2 3.6 ± 1.9 3.4 ± 2.1 3.4 ± 1.7 Stiffness 4.9 ± 2.3 3.9 ± 2.7 3.9 ± 2.5 4.1 ± 2.0 3.9 ± 2.1 4.1 ± 1.8 Physical function 3.8 ± 1.9 2.9 ± 1.9 3.0 ± 2.1 4.0 ± 1.9 3.7 ± 1.8 3.8 ± 1.6 Global disability 3.9 ± 1.8 2.9 ± 1.9 3.1 ± 2.1 3.9 ± 1.8 3.6 ± 1.8 3.7 ± 1.6 Self-efficacy (ASES) 6.4 ± 1.6 6.9 ± 1.9 5.9 ± 1.6 6.6 ± 1.7 6.2 ± 1.4 5.2 ± 1. patient data sets in each group could be analyzed (see Fig. 1 for CONSORT flowchart).
Baseline Characteristics
The patients were aged 65.9 ± 10.3 years on average; 42 women and 39 men were included (Table 1) . A large proportion of patients had an education below high school level, and most were retired. Only half of the patients reported receiving prior medication for symptom management, and even fewer had received physical therapy, surgical interventions, or injections. Except for body mass index no group differences were found at baseline.
Patients' Expectation
There were significant differences between the patients' expectations toward the study interventions; for example, whereas the mean expectation toward CLW was 75.1 ± 21.9 mm VAS, it was 61.2 ± 28.3 mm for TPG (P = 0.049).
Compliance Figure 2 shows the percentage of compliant patients in the active groups over the study period. Although compliance was highest at the beginning, it dropped to 80% in the last week. Altogether patients in both groups were highly compliant; 79.2% of CLW patients and 92% of TPG patients executed their respective intervention during the 4-week period on at least 80% of the days.
Outcome Measures Primary Outcome Measure
At baseline, all groups had comparable pain intensity at around 40 mm on a 0 to 100 mm VAS (P = 0.824). Further analysis revealed a significant group difference between CLW and UC (difference, À12.1; 95% CI, À23.1, À1.0; P = 0.033) after 4 weeks ( Table 2) . No group difference was found between CLW and TPG (difference, À8.6; 95% CI, À21.5, 4.4; P = 0.190) ( Table 3) . After 4 weeks, 8 patients in the CLW group, 6 in the TPG group, and 4 in the UC group showed a pain reduction equally or higher than the estimated MCID. 25 After 12 weeks the corresponding numbers were 8, 6, and 5.
Secondary Outcome Measures
No difference in pain intensity between CLW and UC (difference, À 7.3; 95% CI, À19.0, 4.3; P = 0.210) or between CLW and TPG (difference, À 7.2; 95% CI, À20.9, 6.5; P = 0.290) could be found at 12 weeks.
Significant differences between the CLW and UC groups could be found for all WOMAC scales after 4 and 12 weeks (Table 2) . When compared with TPG, only the subscales pain and physical function and the global score showed significant group differences at 4 weeks in favor of CLW (Table 3) .
For quality of life the following effects were found (Table 2) : physical functioning at 4 and 12 weeks (CLW > UC); vitality at 4 weeks (CLW > UC); and bodily pain and the physical component summary at 12 weeks (CLW > UC). Compared with TPG the following effects were found (Table 3) : physical functioning, physical role functioning, bodily pain, and general health perception at 12 weeks (CLW > TPG); emotional role functioning (TPG > CLW) at 4 weeks; and the physical component summary at 4 and 12 weeks (CLW > TPG).
For PPT significant differences were found between the CLW group and the UC group for the quadriceps muscle and the pes anserinus, with higher thresholds in the CLW group, and for the quadriceps muscle when compared with the TPG group.
The test on physical function revealed no effects on the number of stand-ups, but there was an impact on pain afterward in the CLW group compared with the UC (Table 2 ) and TPG groups ( Table 3) .
Influence of Compliance
When only compliant CLW patients were compared with the UC group the effect on the primary outcome remained significant (difference, À12.5; 95% CI, À24.7, À0.4; P = 0.044). Compared with TPG, however, no difference was found (difference, À8.2; 95% CI, À 21.5, 5.2; P = 0.223). As before no effects were found at 12 weeks (CLW vs. UC, À6.2; 95% CI, À18.7, 6.4; P = 0.326; CLW vs. TPG, À 4.9; 95% CI, À18.6, 8.8; P = 0.475).
Daily Log
A small but consistent decline in pain intensity was found in the CLW and TPG groups, but not in the UC group (Fig. 3A) . Analysis of other drug therapies shows (Fig. 3B ) that 10% to 30% of the patients used analgesics sometime during the study, with patients in the CLW tending to use fewer analgesics compared with the control group. The corresponding average daily doses of analgesics were low, between 0.00% and 0.15% of recommended daily dosage (Fig. 3C) , with lowest daily doses in the CLW group. The rate of concomitant treatments was <15%, with no overall differences between the groups (Fig. 3D) . The most frequently used interventions were cool pads, craniosacral therapy (TPG), heat pads, physical therapy, acupuncture, radiotherapy (CLW), mud packs, and elastic therapeutic tapes (UC).
Satisfaction With Interventions
Patients reported moderate benefit of both interventions after 4 weeks (CLW, 60.3 ± 32.8 mm; TPG, 45.7 ± 35.1 mm; P = 0.188) and 12 weeks (CLW, 54.3 ± 32.8 mm; TPG, 38.4 ± 32.3 mm; P = 0.128). After 4 weeks of use 75.0% and 70.8% of patients reported that they would consider using CLW and TPG again (w 2 , P = 0.5), and 79.2% and 75% would consider recommending CLW and TPG to family and friends, respectively (w 2 , P = 0.5).
Safety
The following adverse events were recorded during the study: 1 patient in the UC group developed bronchitis and received antibiotics. One patient in the CLW group complained of dry cough, which resolved after discontinuation of ACE inhibitor intake. One patient in the CLW group complained of itching and burning sensation during CLW application and stopped the treatment. The same patient reported a zoster infection during the trial and resigned from the study. One patient in the TPG group was diagnosed with spondylolisthesis; this patient reported back problems for several years. He received orthopedic therapy. Another patient in the TPG group was diagnosed with gastric ulceration, and even though the patient reported gastric problems over the previous 6 months a causal relationship could not be excluded. This patient resigned from further study participation. All patients were under medical treatment at their respective physicians.
DISCUSSION
This trial found that a 4-week application of CLWs was more effective than UC with respect to pain, functional disability, and quality of life. It was, however, not superior to a 4-week application of topical medication. Patients were satisfied with both interventions, and except for 2 adverse events in both groups the applications were well accepted and tolerated.
Scientific Evidence
Even though CLWs are often recommended as a selfcare method for knee OA, no controlled study had investigated its efficacy. Instead, only anecdotes had been published 29, 30 of single patients claiming that they experienced substantial improvement.
CLWs, however, have been investigated under different conditions, such as breast engorgement during breastfeeding. 12, [31] [32] [33] A randomized controlled trial 32 with 120 breastfeeding women found a tendency of less breast engorgement and longer breastfeeding when using CLW compared with UC. The results of the study are, however, limited by the short application and possible baseline differences. Others 34 also found a significant relief in breast engorgement and pain after CLW, but so did those patients receiving a cold or a hot compress. A recent Cochrane review 11 concluded that evidence was insufficient to justify widespread implementation of CLWs among others.
However, CLWs are not the only herbal medicine available for OA. Several studies have investigated other topical treatments including a herbal ointment, 35 ginger patches, 36 or patches with traditional Chinese herbs. 37, 38 Conclusive evidence, however, cannot be drawn from those studies. The study by Therkleson, 36 for example, compared 2 ginger preparations with each other, and no comparison with UC or a gold standard therapy was conducted. Besides herbal medicine, other topical treatments may include mud packs that according to a recent meta-analysis were effective in reducing pain in patients with knee OA. 39 In the present trial CLW was superior to UC but no more effective than a TPG. It is not clear how much of the observed effects were actually due to nonspecific effects such as expectation or placebo. Further specific effects may include effects of cabbage herbal compounds such as flavonoids and glucosinolates with anti-inflammatory properties. 7 Caplan 40 also referred to the drawing actions of plants (absorption); however, no study has yet investigated details of such actions. All in all effects of CLWs compared with UC were rather small but clinically relevant.
The advantages of CLWs are simplicity and low costs, and a good safety profile allowing for long-term application.
Patients using CLWs also reported being very satisfied; therefore it might be recommended as a complement to conventional therapy or even an alternative when drugs are contraindicated. The application might only be discouraged in patients with allergies.
Strengths and Limitations
The strengths of the study include the randomized study design and the use of different comparators. The small number of dropouts, at least in the active intervention groups, and the overall high compliance also indicated that the tested interventions were well tolerated. Also concomitant treatments and medication were evaluated as proposed by the task force of the Osteoarthritis Research Society. 41, 42 Limitations include the lack of blinding of patients and physicians. Patients in the study had mild-to-moderate OA of the knee, and its validity for progressed OA can be questioned. According to the post hoc power analysis the sample size was also too small to reliably detect the actual moderate effect size on the primary outcome measure, with a power of 1-b being <40%. The sample size required to determine a significant group difference of moderate size with a power of at least 80% and the same effect size found in this study would be >3 times the sample size that was actually used. However, the difference between CLWs and diclofenac was smaller than the minimal clinical important difference on which the sample size calculation was based. In further studies other test procedures should be used to determine the equality of noninferiority of interventions. Finally the use of sequential gatekeeping analyses might be discussed controversially, as those have been primarily used to test the efficacy of different drug doses in clinical trials.
Future Studies
Many self-care treatments for knee OA are being recommended; however, only a few have been scientifically evaluated. As active coping and patient empowerment are important parts of chronic disease management, future studies should investigate the efficacy and safety of such methods. Further studies on CLWs may include patients with more progressed OA stages, or patients with knee pain of other origins. A blinded comparison with other leaves without expected pharmacological effects might also shed light on the specificity of the effect. Last but not the least, studies using CLWs as an adjunct to systemic pain therapy could reveal additional or even dose-sparing effects of the intervention.
CONCLUSIONS
CLWs are more effective in the management of knee OA than UC, but not more than topical diclofenac gel. Therefore they might be recommended in patients with OA of the knee. CLWs seem safe and may be used in the longer term. However, further research is warranted
